Background: Osteochondroma is the most common benign bone tumor of the upper limbs that occurs during the developmental phase of children. Solitary epiphyseal enchondromas can be usually found in the humeral capitellum, and the proximal ulna of the elbow. Case presentation: Herein, we report the case of a 12-year-old boy of Han ethnicity with a developmental radial head dislocation with a progressive radius deformities, caused by a solitary osteochondroma which originated from the proximal metaphysis of the radius. Obvious complaints and limitations were present. After tumor excision was performed, radial head reduction and deformity correction were achieved through a biplanar shortening osteotomy of the radius. Conclusions: After a follow-up of 18 months, the child remained asymptomatic and regained a full range of motion. Radiographic study revealed satisfactory reduction of the radial head with no recurrence of the osteochondroma.
Background
Radial head dislocations occurring in children or adolescents can be caused by non-traumatic lesions including congenital malformations, infections, and tumors in bones and joints of the forearms. Osteochondroma is the most common benign bone tumor in perichondral bones, and it may occur in the proximal metaphysis of a long bone around the joints. The tumor is also known as an epiphyseal enchondroma, and can present as an exogenous mass deviating from the normal direction of osteogenesis in the epiphysis. Tumors occurring in the epiphyseal ends of radius and ulna during the growth period can invade the unclosed epiphyses, and result in asymmetrical and abnormal growth in both the radius and ulna. There are usually symptoms such as developmental malformations in the forearm bones, wrist and elbow joint dislocations, and limited mobility. A majority of tumors leading to a progressive dislocation of the radial head involve the distal ulna [1] , and are mainly seen in hereditary multiple exostoses (HME). Local bone or cartilage lesions in the distal ulna can cause changes in the distal epiphysis and secondary ulna and radius dysplasia, and this process is a result of the combined action of biological and biomechanical factors [2] . There are various treatments available, but the efficacy of treatments is still very limited [3, 4] .
Solitary osteochondroma originating from the elbow (distal humerus, proximal radius and ulna) is a rare disease, and it can cause local symptoms and signs through the progressive invasion of the epiphysis. The goal of treatment is to remove the lesion, correct deformities, rebuild or restore the joint stability and forearm rotation function [4] , and provide a good environment for their sustained development. Herein, we report the diagnosis and treatment of a solitary osteochondroma of the proximal radius and review the literature of this condition.
Case presentation
A 12-year-old male of Han ethnicity presented with a 1.5 year history of persistent pain, deformity, and limited mobility of his right elbow and forearm. He had undergone non-surgical treatment, which was ineffective and the symptoms progressively worsened. There were no other associated malformations or syndromes, no history of trauma, and no family history of bone cancer. Physical examination revealed the forepart of the right elbow was more raised compared with the left side, a bony mass was palpable, and there was no tenderness and no feeling of bounce or reduction when pressing down. The scope of activity of the right elbow joint and forearm was significantly limited (elbow 80°flexion, 20°extension, and forearm 10°p ronation, 15°supination), and no injuries of the extremity nerves or blood vessels were found. Plain X-ray of the right forearm showed a wide basal bony protuberance in the dorsal metaphysis of the right proximal radius, radial deformities, a small radial head with anterolateral dislocation, the radial shaft bending towards to the dorsal ulnar side, and bone absorption in the corresponding ulna. The ulna had no significant shortening or angular, varus, or valgus deformities. X-ray examinations of other parts showed no tumor lesions ( Figure 1 ). Based on the history and clinical findings, osteochondroma was considered.
Surgical intervention was deemed necessary based on the tumor site, radial deformity, and limited mobility. However, the child was too young to perform resections of the radial head and segments invaded by tumor, which might lead to a secondary elbow valgus deformity and distal radioulnar joint dislocation. At surgery, the complete bone lesion and dislocated humeroradial joint were exposed through an elbow Kocher incision. The tumor was located in the inner rear of the radial neck. The upper edge of the tumor was about 0.5 cm from the articular surface of the radius. The base of the tumor was wide, and fused with the radius cortex without discontinuity. The outward growth of the tumor caused a local dent in the adjacent ulna. A clear dividing line between the tumor and the surrounding soft tissue was present, and there was no evidence of invasion ( Figure 2 ). The radial tuberosity and the radial notch outside of the ulnar styloid process had been destroyed, and the radial head and metaphysis were significantly distorted with loss of the normal shallow disc-shaped concave surface. The humeroradial joint was filled with scar tissue, the residual annular ligament had obvious atrophy and degeneration, and the joint capsule was contracted.
While protecting the epiphyseal cartilage, complete marginal resection of the tumor and its capsule was performed. The cortical and cancellous bone of the tumor, and a little normal bone were chiseled to avoid leaving debris in the cartilage cap. Brain medical cotton and bone wax were used to reduce bleeding. The hyperplastic scar tissue within the articular cavity was thoroughly removed, and stripping of the soft tissue near the proximal radius was minimized to avoid damaging the blood supply of the radius and maintain its stability. The radial neck was cut off and fixed with a 2.0 mm T-type bone plate after the proximal end was rotated outward about 45°. A Henry incision in the middle of the forearm was made to expose the dorsal radius with the most obvious deformities. After the wedge osteotomy was completed (approximately 20°), a 2.5 mm straight bone plate and Kirschner wire were used for fixation. The radial head was reduced, and the anatomical relationship of the humeroradial joint was restored. A deep fascia pedicle from the right forearm was used to reconstruct the annular ligament. The osteotomy site was filled with attached tissues. Since there was no significant bending angular deformity that hindered reduction of the radial head, and the lengths of bilateral ulnas were similar, prolongation of the ulna was not necessary (Figure 3 ). The stability of the radial head and tightness of the annular ligament were assessed intraoperatively. Flexion and extension of the elbow and rotation of the forearm could be carried out passively. Free rotation of the radial head without further dislocation indicated a suitable tightness. Pathological examination of the resected specimen revealed osteochondroma, which was consistent with the preoperative diagnosis.
Postoperatively, the right upper limb was externally fixed in a plaster cast with 90°of elbow flexion and forearm supination. Active functional exercises were started 4 weeks after surgery. X-ray examination at 16 months showed no recurrence of humeroradial joint dislocation, the osteotomy site was healed well without malunion or ischemic necrosis, and no tumor recurrence. The internal fixators were removed by reoperation (Figure 4) , and rehabilitation was started. Two months later, the patient regained normal function. The range of motion was full compared to the normal side.
Conclusions
The most common pathogenic sites of osteochondroma are the distal femur and proximal tibia [5, 6] . Although the exact pathogenic mechanism not been determined, it is believed related to cartilaginous ossification of cartilage tissue of the epiphyseal growth plate and epiphyseal dysplasia with separation [7] . Due to differences in locations and tumor size, the clinical manifestations of osteochondroma are diverse. Osteochondromas occurring between the ulna and radius in the elbow typically have no early symptoms, but as the tumor grows symptoms can include local pain, limited mobility (mainly forearm rotation), and skeletal deformities [1, 2, 8, 9] . It has been reported that osteochondroma causing radial head dislocation is commonly seen in HME [10] . Masada et al. [3] classified the forearm deformity caused by HME into three groups, among which type IIa is radial head dislocation caused by an osteochondroma in the proximal radius that is accompanied by varying degrees of change in the "ulnar bow sign". Solitary osteochondromas originating from the proximal radius are very rare [11, 12] , and it is difficult to determine the type.
With expansive growth of a lesion, complications may occur including pathological fractures, vascular and nerve damage, synovial cysts, infection, and malignant transformation [13] . The patient presented was treated late, and his symptoms were severe. If the disease course is long, adaptive pathological changes such as radial head deformation or a bow-shaped deformity caused by radial overgrowth may occur secondary to chronic joint dislocation [14] . These changes can make the radial longitudinal axis deviate from the capitellum ossification center, and therefore make it difficult to reduce the radial head. In this regard, restoration of the normal mechanical axis of the forearm through corrective osteotomy is required, which is conducive to reduction and maintenance of the radial head.
Osteotomy to lengthen the ulna and/or shortening the radius is supported by a number of studies [15, 16] . An ideal osteotomy plane and angle can assure stability of the radial head, and partially improve forearm rotation [17] . Currently, there is no consensus on the necessity of repair of radial head dislocation with annular ligament damage and reconstruction methods [18] [19] [20] [21] . If intraoperative exploration shows that the annular ligament has withered, degenerated, anteroposterior radiographs at 16 months after surgery showed that the anatomical relationship of the humeroradial joint was normal; the osteotomy site was healed well without malunion or ischemic necrosis; and no tumor recurrence was present.
or even disappeared, and it cannot be repaired or restored, this is considered an unfavorable factor in maintaining radial head reduction. A variety of materials have been studied for annular ligament reconstruction including dorsal forearm fascia strips, autologous tendons, allogenic tendons, and silicone strips [14, 22, 23] . However, there are issues with most materials, and restricted forearm rotation is an unavoidable adverse outcome [24] . In this regard, some scholars have proposed that a deep fascia pedicle flap with autologous blood supply from the forearm should be transferred to reconstruct the annular ligament. This method reduces the possibility of fibrosis, and contributes to selfhealing. The biomechanical performance after reconstruction is more ideal, and it is also conducive to stability of the radial head [25] . For our case, we chose a deep fascia pedicle flap as the graft material to reconstruct the annular ligament. The proximal radial osteotomy, radial head reduction, fascia incision, and annular ligament reconstruction were completed within the same incision, and the surgical procedure was relatively simple with less collateral damage to the blood vessels and nerves. Long-term observation revealed that development and function of the forearm extensor group were intact.
In summary, the choice of surgical approach should conform to the principle of individualization as much as possible to facilitate late functional recovery for young patients. Resecting the tumor and eliminating extrinsic compression can reduce secondary skeletal deformities and adaptive changes in the joint, providing a good environment for normal bone development. Radial osteotomy can balance the abnormal load of the elbow joint, and it is conducive to reduction and maintenance of the radial head.
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